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We present a simple method for detecting pattern in vegeta-
tion. It consists of taking occurrence data from contiguous 
quadrats arranged lineally, and using frequencies of occur-
rence to predict patterns of co-occurrence at several scales. 
Chi-squared analysis is used to detect whether the pattern 
deviates from what is expected under assumption of zero 
covariance. We illustrate the method by means of a simple 
fictional example, and also by preliminary data on a site in 
the grassy fynbos of the Kouga Mountains of the south-
eastern Cape. 
Ons bied 'n eenvoudige metode aan om patroon in plante-
groei vas te stel. Dit bestaan uit die neem van voorkomsdata 
uit aaneenliggende kwadrate in 'n Iyn gerangskik, en die 
gebruik van die daaruit-afgeleide frekwensies om patrone 
van gelyktydige voorkoms op verskeie skale te voorspel. Chi-
kwadraatanalise word gebruik om vas te stel of die voor-
spelde patroon betekenisvol afwyk van die wat waargeneem 
word. Ons illustreer die metode deur middel van 'n hipote-
tiese voorbeeld, sowel as voorlopige data van 'n terrein in 
grasagtige fynbos in die Kougaberge van die suid-oostelike 
Kaap. 
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1. We present a method to establish whether associations 
among ecological categories of plants occur at frequencies 
significantly different from what could be expected under 
random assortment of individual plants. The method is a 
synthesis of the hierarchical information systems view of 
ecological pattern of Brooks and Wiley (1988), and some 
simple probability calculations, suggested to William Bond 
by Martin Cody at the Medecos 1991 conference to address 
the question whether Pro tea coexistence patterns were signi-
ficantly different from chance (W. Bond, pers. commun.). 
2. The problem of detecting pattern in vegetation goes 
back to around 1920 [for historical notes, see Kershaw & 
Looney (1985)] . Our method differs from previous ones in 
at least two respects . Firstly, we emphasize ecological 
categories rather than species. Questions in ecology quite 
naturally lead to the lumping of species into a few ecologi-
cal categories, and our method is designed to address the 
question of pattern in the occurrence of such categories. In 
the expository literature, species predominate as the basic 
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categories [for examples, see Mueller-Dombois & Ellenberg 
(1974), Kershaw & Looney (1985) and Causton (1988)], 
while even reviews seem to play down the use of ecological 
categories [e.g . Greig-Smith (1979)] . More recently, studies 
of interactions between ecological categories rather than 
species have been reported (Goldberg & Werner 1983; Vlok 
1988); we extend this approach to pattern analysis. Second-
ly, we take a contrapositive approach: rather than attempting 
to measure covariance directly, we assume that the covari-
ance is zero, and use this assumption to calculate the 
expected values of co-occurrences. If these expected values 
are significantly different from what is observed, for 
example using the chi-squared test, the assumption of zero 
covariance must be false, thus revealing the presence of 
pattern. Inspection of the expected versus observed 
frequencies provides the details of this pattern. 
3. In other words, the method consists of constructing a 
null model of expected frequencies for the different possible 
associations of the chosen ecological categories, and com-
paring these with the observed frequencies. A number of 
primary ecological categories are chosen; in our field 
example, we chose old grass, young grass, and shrubs (see 
section 5 below). By suitable sampling, the frequency of 
occurrence in each category is obtained - these we call the 
primary frequencies . Now we assume random assortment, 
and calculate the expected frequencies of the secondary 
categories, i .e. the different possible combinations of 
primary categories. For this, elementary probability theory 
suffices, since by our assumption there is zero covariance 
between any two ecological categories (Zar 1984). If the 
null model is rejected, the observed numbers in the various 
combinations of primary categories are significantly differ-
ent from what is expected under random assortment, and 
since the main sources of this deviation are easily seen from 
the calculations, one can pin-point the sources of pattern in 
the vegetation. At larger scales, the same data and method 
can be used, but another possibility is to use the data from a 
smaller scale to predict pattern at a larger scale, and hence 
to deduce at what scale pattern occurs. 
4. The whole procedure can be made clear from a simple 
hypothetical example: consider a landscape containing 
exactly two species, an Erica and a Protea. Our interest is 
whether their distribution across the landscape deviates 
significantly from random. We combine gathering the data 
on the primary frequencies with that of co-occurrence as 
follows. First, we select a minimum unit size. In this case, it 
will be determined by the size of the Erica; we take 10 cm 
as a small enough length to discriminate between ericas on a 
line transect. By laying down a transect 100 m long and 10 
cm wide, the presence or absence of each species in every 
10 cm of length is easily recorded. Let's say there are np 
units of length in which proteas are recorded, and nE units 
with ericas. Note that np can at most be 1000, as can nE. We 
then take pp = np/l000 and PE = ndl000 as estimators of the 
respective probabilities of encountering Protea and Erica in 
any 10 cm x 10 cm patch in this vegetation. These are our 
primary probabilities. Assuming random spatial distribution 
of both species, the probability of both occurring in a given 
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unit is PPPE, that of only Protea is pp(1 - PE) (i.e. 
probability of Protea present multiplied by the probability 
of Erica absent), that of only Erica is (1 - PP)PE' and that of 
a unit with neither is (1 - pp)(1 - PE). These are the 
secondary probabilities. It is a simple matter to compare the 
observed numbers with the expected using the chi-squared 
test. For two categories at the smallest scale level, this 
represents a contingency table, and is equivalent to the JO 
test of Whittaker (1990). 
A significant chi-squared result would show that the co-
occurrence of Erica and Protea is not random, either in the 
direction of greater than expected or less than expected 
frequency. One would hope to explain this in terms of the 
species' biology, such as differences (or similarities) in 
dispersal mode, competition between them, or mutualistic 
and other interactions. 
Similarly, the primary probabilities on the lO-cm scale 
furnish a prediction of occurrences on the 20-cm scale. For 
example, Pro tea would occur with probability pJ in both 
halves of the 20-cm unit, 2pp(1 - pp) in one of them only, 
and with probability (1 - ppi would not occur. One can also 
consider combined probabilities, similar to the above, but it 
should be noted that the number of combinations increases 
rapidly with the number of scale steps: for instance, our two 
species at the 20-cm scale can occur in nine different possi-
ble combinations of lO-cm units . The probabilities are found 
by expanding 
giving, for example, 2pp(1 - pp)pl as the probability of find-
ing a 20-cm unit with Erica present in both halves and 
Protea present in only one half. Such calculations, together 
with the chi-squared test, form the so-called 'binomial test 
for goodness of fit' (Zar 1984), and this test can be extended 
to more than two categories - which could be called the 
'multinomial test for goodness of fit'. 
The amount of data needed cannot be predicted exactly in 
advance. Statistical consensus on the chi-squared test, for 
instance, recommends that no value of expected number in 
any category should be less than I, and that at most 20% of 
these values should be less than 5 (Zar 1984). But expected 
values are available only after data have been gathered, and 
therefore cannot inform the planning of how many units of 
length to sample - though it is simple enough to add more 
sampling to the original plan. A more serious problem is 
that, as we scale up, the number of units goes down while 
the number of categories goes up. Thus fairly quickly one 
reaches a scale where there are not enough data to satisfy 
the recommended minima for the values of the expected 
numbers. Nevertheless, the scale on which useful statistical 
inferences can be made is surprisingly large, because one 
can simply disregard the categories with small expected 
values (without reducing the number of degrees of freedom, 
of course), and the resulting chi-squared value may still be 
significant., 
Interpretation of statistically significant patterns needs to 
be conservative, because a single source of pattern may be 
detected in many ways by this method. It is advisable, if 
pattern is detected in the frequencies of secondary categories 
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that derive from several primary categories, to look at the 
primary categories pairwise, in order to see whether the 
frequencies of secondary categories derived from pairs of 
primary categories show significant deviation from random 
expectation. One may be able to sharpen the source of 
pattern considerably, as we show in the example below. 
Caution is even more advisable if pattern is detected at 
some larger scale. In this case, the source of pattern can be 
that some primary category is deviating from random, for 
example by clumping, or the source could be non-random 
association between two or more primary categories. Fur-
thermore, at scales several steps up from the smallest, 
pattern may be due to deviations from random at every step. 
To check for the latter, primary frequencies from occurrence 
data one scale smaller should be derived, and if the second-
ary frequencies derived from these fit the observations well, 
then the source of pattern is at some smaller scale. 
5. The following is a field example. As a preliminary 
investigation into the vegetation dynamics of grassy fynbos 
(sensu Cowling 1984) in the Baviaanskloof Wilderness 
Area, we looked at the patterns of co-occurrence of old 
grass, young grass and shrubs. The vegetation had a post-
fire age of about 10 years and was fairly open with bare 
ground patches amongst the grass and shrubs. Three tran-
sects were censused, for a total of 216 lineal metres, for the 
presence per metre of young grass (no sign of tussock that 
survived the last fire), old grass (tussock from before last 
fire), and shrubs. The scale of 1 m for the smallest unit was 
too large, and much of interest would show up at a smaller 
scale - even as small as 5 cm in this vegetation. 
The observed numbers in the primary categories, and their 
associated frequencies, are presented in Table I, and the 
expected versus observed numbers in the secondary cate-
gories (i.e. the possible combinations of the three primary 
categories) in Table 2. We observed substantial and signifi-
cant deviations from what was expected under random as-
sortment. Several categories make substantial contributions 
to this significant result. For example, for the category 'All 
three present', with 13 observed occurrences against an 
expectation of 27.4, the chi-squared value is approximately 
8, suggesting some mechanism separating the three categor-
ies. However, one can isolate the possible ecological inter-
actions much better by pairwise comparisons. Note that pair-
wise comparisons are justified in the case of a significant 
result, not as additional chi-squared tests, but to sharpen the 
location of the deviation from randomness in the data. The 
results of the pairwise comparisons show that it is the young 
grass and shrubs that have significant interaction (Table 3). 
Table 1 Observed numbers and derived 
probabilities in the three primary categories 
(number of 1-m units in which the category 
occurs) 
Probability 
Occurrence (occurrence/216 ) 
Old grass 175 0.81 
Young grass 64 0.30 
Shrubs 114 0.53 
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Table 2 Observed versus expected numbers in the 
secondary categories the 8 possible combinations of the 
primary categories) 
Sample calculation: 
Expected value of shrubs only: 216ps(1 - Poo)(l - Pyo), 
where Ps is the probability of shrubs, Poo is the probability of old 
grass, and PYo is the probability of young grass, as shown in Table 1. 
None present 
Shrubs only 
Young grass only 
Old grass only 
Shrubs + young grass 
Shrubs + old grass 
Young grass + old grass 
All three present 
Observed 
8 
18 
8 
50 
7 
76 
36 
13 
7 degrees of freedom, X2 = 19.8, P < 0.001 
Expected 
13.6 
15.2 
5.7 
58.1 
6.4 
65 
24.5 
27.4 
Table 3 Pairwise comparisons: observed versus ex-
pected numbers for the possible combinations of pairs of 
primary categories 
Observed Expected 
Old grass versus shrubs 
Old grass + shrubs 89 92.4 
Shrubs 25 21.6 
Old grass 86 82.6 
Neither 16 19.4 
3 degrees of freedom, i = 1.4 N.S. 
Old grass versus young grass 
Old grass + young grass 49 51.9 
Young grass 15 12.1 
Old grass 126 123.1 
Neither 26 28.8 
3 degrees of freedom, i = 1.2 N.S. 
Young grass versus shrubs 
Young grass + shrubs 20 33.8 
Shrubs 94 80.2 
Young grass 44 30.2 
Neither 58 71.8 
3 degrees of freedom, i = 17.0, P < 0.001 
Between them, they do better than expected at covering the 
landscape, since the observed combined absence is so much 
less than expected. Moreover, they co-occurred far less 
often than random expectation, and by themselves more 
often. These findings indicate that post-fire grass seedling 
recruitment occurs in ground not occupied, at the scale of 
1 m, by shrubs (whether regenerating from seed or from root 
stock). On this basis one can develop testable hypotheses 
about factors determining the dynamics of this vegetation. 
539 
For comparison, note that the JO method of Whittaker 
(1990) would also give this as a significant result, since it is 
a special case of our method. However, its interpretation 
allows for less detail than we exhibit here, since it indicates 
only whether the plants are negatively or positively asso-
ciated. 
We carried out the calculations for pattern at a larger 
scale. Some suggestive differences between expected and 
observed numbers emerged, but due to the relatively small 
sample very few of these were statistically significant. Thus 
this investigation does not furnish a good example of the 
power of this method to yield the appropriate scale for 
analysing vegetation patterns. 
6. We suggest that the method presented here is quick to 
use, gives statistically objective results, and can be suited to 
a large range of ecological investigations. It should be 
especially suitable for the study of ecological interactions in 
highly species-rich environments, particularly where the 
large number of species obscures relatively simple ecologi-
cal patterns. Ecological patterns revealed in this way would 
lead to questions and hypotheses about the underlying pro-
cesses. 
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